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FIELD OF THE INVENTION 

The present invention relates to methods and kits for determining the 
susceptibility of a patient to antidepressant-induced mania. 
BACKGROUND OF THE INVENTION 

The induction of mania in patients treated with antidepressants is a 
complex and not rare phenomenon, which has been described to occur with 
different frequencies in Bipolar Disorder (BP), Unipolar Disorder (UP), and 
Obsessive-Compulsive Disorder (OCD) (1-8). In Mood Disorder (MD) 
patients, the frequency of induction of mania during antidepressant 
treatment has been estimated to be 9.5-33%, varying in the different studies 
including different diagnoses (i.e. UP and BP) and different antidepressant 
treatments (9-11). More recently, it has become clearer that the 
phenomenon of antidepressant-induced mania is strictly related to a 
diagnosis of BP. In BP patients the switch rate during antidepressant 
treatment is definitively higher than in UP patients (12) and represents a 
critical issue for the long-term management of the disorder. Whether the 
type of antidepressant treatment can affect the risk of developing manic 
switches remains controversial. According to the report of Solomon et al (2), 
an antidepressant-induced manic episode occurs in approximately 20% of 
the inpatient admissions with a diagnosis of BP, independently from the 
treatment status (tricyclic antidepressants -TCAs- monoamine oxidase 
inhibitors -MAOIs- or electroconvulsive therapy -ECT-). On the other hand, 
some studies have shown that the rate of induction of mania is higher in BP 
patients treated with TCAs and MAOIs than in BP patients treated with 
selective serotonin reuptake inhibitors (SSRIs) (8, 13). 



As the impact on the natural course of BP and on the clinical 
management of the disease created by the occurrence of antidepressant- 
induced manic switches is quite high (1, 14), the detection of possible 
predictors of this phenomenon has become one of the primary goals of 
clinical studies. A higher number of previous manic or hypomanic episodes 
appeared to be the only clinical variable affecting the risk for developing 
induced mania during antidepressant treatment (8, 12). According to the 
report of Stoll et al. (15) antidepressant-induced manic/hypomanic episodes 
appear to be also clinically different from the spontaneous ones, usually 
having a shorter duration and less severe psychotic symptoms (15). 

Most of the antidepressants commonly used to treat the depressive 
episodes that occur in the course of BP, act on the serotonin transporter 
(5HTT) (16). The 5HTT is located on the terminals of serotonergic neurons 
and its function is to reuptake serotonin from the synaptic cleft into the cell 
(16). Family, twin, and molecular genetic studies, have shown that BP has a 
strong genetic component (17-20), and thus, the 5HTT protein gene has 
been considered an good candidate for the investigation of the genetic 
component of both BP and the response to antidepressant medication. 

The 5HTT gene is located on Chromosome 17, spans 31 kilobases 
(KB) and consists of 14 exons. This gene has two polymorphisms known. 
One is in the promoter region (5HTTLPR) consisting of 44bp 
insertion/deletion (21). Studies employing lymphoblastoid cell lines 
containing different genotypes with respect to the 5-HTTLPR (21) showed 
that cells homozygous for the / allele produced steady-state concentrations 
of 5-HTT mRNA that were 1.4 to 1.7 times those in cells containing 1 or 2 
copies of the s. At the protein level, membrane preparations from /// 
lymphoblasts bound 30% to 40% more of a labeled marker than did 
membranes from l/s or s/s cells. Moreover, uptake of labeled serotonin in 
cells homozygous for the / allele of the promoter polymorphism was 1.9 to 
2.2 times that in cells carrying 1 or 2 endogenous copies of the s variant. 
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These data also suggested that the polymorphism has more of a dominant- 
recessive than a codominant-additive effect. 

In rare circumstances, particularly in Asian and African-American 
populations, additional variants such as the vl (very long) allele and the xl 
5 (extra long) allele may occur (22). 

Investigation for the possible involvement of the 5HTTLPR in the 
pathogenesis of BP, applying different methods, has lead to conflicting 
results. Two linkage studies to date using multiplex families have provided 
negative results (23-24). Among the several case-control association 
Q 10 studies performed, only two studies detected a positive association 
y between the s variant of the gene and BP (25-26). Two studies applying 

strategies for the detection of association in presence of linkage 
45 disequilibrium, which are particularly useful for assessing gene 

'Jp susceptibility in psychiatric disorders where genes may be of small effect 

pj 15 (27), gave negative results (28-29). 

fU. The other polymorphism known for the 5HTT gene is a variable 

number of tandem repeats (VNTR) polymorphism in the second intron, with 

W three alleles (Stin2.9, Stin2.10 and Stin2.12) (30). The Stin2.12 allele was 

found to be associated with BP in two studies (25, 31), while more recent 
20 studies appear to exclude any associations between this polymorphism 
and BP (32-35). 

At least three studies to date have considered the two known 
polymorphisms of the 5HTT gene in a haplotype analysis, with negative 
results (26, 35, 36). 

25 With respect to the role of the 5HTTLPR in the antidepressant 

response, patients with Major Depression and homozygous or 
heterozygous for the / variant appear to show a better response to 
fluvoxamine (37) and paroxetine (38) and patients with Bipolar Depression 
who are homozygous for the / variant of the 5HTTZ.PR have been found to 

30 have a better clinical response to total sleep deprivation (39). 



On the other hand, the meaning of these findings, as well as the 
relationships with the functional variations associated with the gene are 
controversial (40). 
SUMMARY OF THE INVENTION 

The present inventors have determined that there is correlation 
between the presence of a polymorphism in the serotonin transporter 5HTT 
gene and the occurrence of antidepressant-induced mania. In particular, 
the inventors have shown that a DNA sequence variant in the promoter 
region of 5HTT (5HTTLPR) consisting of a 44bp deletion in the gene (which 
is called the s variant) appears to be involved in the pathogenesis of 
manic/hypomanic switches in a bipolar patients treated with pro- 
serotonergic antidepressant agents. 

Accordingly, the present invention provides a method of determining 
the susceptibility of a patient to antidepressant-induced mania comprising: 

(a) obtaining a sample from the patient; and 

(b) testing the sample for the presence of the s variant of the 5HTTLPR 
polymorphism in the 5HTT gene, wherein the presence of the s 
variant indicates that the patient is more susceptible to 
antidepressant-induced mania. 

The patient is preferably a patient with Bipolar Disorder who has 
been treated with a proserotonergic agent. 

The present invention also provides a kit for determining the 
susceptibility of a patient to antidepressant-induced mania comprising 
reagents necessary for determining the presence of the s variant of the 
5HTTLPR polymorphism and directions for its use. 

Other features and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, 
however, that the detailed description and the specific examples while 
indicating preferred embodiments of the invention are given by way of 
illustration only, since various changes and modifications within the spirit 



and scope of the invention will become apparent to those skilled in the art 

from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the drawings in 

which: 

Figure 1 shows the nucleic acid sequence of the s variant of the 
5HTTLPR gene. 

Figure 2 is an electrophoresis gel showing the size of the s variant of 
the 5HTTLPR gene. 

DETAILED DESCRIPTION OF THE INVENTION 

The occurrence of mania during antidepressant treatment is a critical 
issue in the clinical management of Bipolar Disorder (BP). The serotonin 
transporter (5HTT) is the selective site of action of most of the pro- 
serotonergic compounds used to treat bipolar depression. The 5HTT gene 
has two known polymorphisms. One is functional and consists of 44bp 
insertion/deletion in the promoter region (5HTTLPR), and the other one 
consists of a variable number of tandem repeats (VNTR) within the second 
intron. The present inventors have investigated the role of 5HTT gene 
variants in the pathogenesis of antidepressant-induced mania in BP and 
the results of this investigation have been peer-reviewed and published in 
the Archives of General Psychiatry (50). 

Twenty-seven patients with a DSM-IV diagnosis of BP I or BP II, with at 
least one manic or hypomanic episode induced by treatment with pro- 
serotonergic antidepressants (IM+) were compared to 29 unrelated 
matched BPI or BPII patients, who never developed manic or hypomanic 
episodes during the exposure to pro-serotonergic antidepressants (IM-). 
The two polymorphisms of the 5HTT gene were genotyped with standard 
procedures, and allelic and genotypic association analyses were done. 
While no association was found with the VNTR polymorphism, with respect 
to the 5HTTZ.PR polymorphism, among IM+ patients there was an excess of 
the short allele (chi-square=1 2.770, df=1, p=.0004), a higher rate of 



homozygosity for the short variant and a lower rate of homozygosity for the 
long variant (chi-square=12.432, df=2, p=. 002). As a result, the 5HTTZ.PR 
polymorphism is an important predictor of abnormal response to 
medication in BP patients. 

In particular, the inventors have shown that the s variant of the 
polymorphism in the promoter region 5HTTLPR is involved in the 
pathogenesis of manic/hypo-manic switches in a bipolar patients treated 
with pro-serotonergic agents. 

Accordingly, the present invention provides a method of determining 
the susceptibility of a patient to antidepressant-induced mania comprising: 

(a) obtaining a sample from the patient; and 

(b) testing the sample for the presence of the s variant of the 5HTTLPR 
polymorphism in the 5HTT gene, wherein the presence of the s 
variant indicates that the patient is more susceptible to 
antidepressant-induced mania. 

The term "s variant of the 5HTTLPR gene" means a 44bp deletion in 
the promoter region of the 5HTT gene. The nucleic acid sequence of the s 
variant is shown in Figure 1. (The sequence is from Cook et al., 1997.) 

The patient is any patient being treated with antidepressants, 
preferably a patient with Bipolar Disorder who is being treated with an 
antidepressant that acts directly or indirectly on the 5HTT sites. The 
examples of such antidepressants include, but are not limited to, 
clomipramine, fluvoxamine, fluoxetine, paroxetine, sertraline, citalopram, 
imipramine, nefazodone, venlafaxine or moclobemide. 

The sample obtained from the patient can be any biological sample 
containing nucleic acids including, but not limited to, blood, urine, skin, hair, 
sperm, buccal mucosa as well as tissue samples and fractions of any of 
the foregoing. 

The sample may be tested for the presence of a polymorphism in the 
5HTT gene using a variety of techniques known in the art. Generally, nucleic 
acids are obtained from the sample and amplified using the Polymerase 



-7- 

Chain Reaction (PCR) using primers to the appropriate region of the 5HTT 
gene. For example when assaying for polymorphisms in the promoter 
region primers to the promoter region are used. The PCR products can be 
subjected to any method that would allow one to identify the presence of a 
5 polymorphism. In one embodiment, the PCR products may be subjected to 
an electrophoretic assay (such as gel electrophoresis or capillary 
electrophoresis) to determine the relative size of the PCR product. For 
example, the s variant of 5HTTLPR has a size of 406bp which can be 
determined by comparing its migration on an electrophoresis gel with a 

10 50bp ladder (See Example 1, Figure 2). In another embodiment, the PCR 
products may be probed with a nucleic acid sequence specific for a region 
in the polymorphism. In a further embodiment, the PCR products may be 
sequenced using techniques known in the art including commercially 
available sequencing kits to determine if the polymorphism is present in the 

15 sample. Other sequencing technologies such as Denaturing High 
Pressure Liquid Chromatography or mass spectroscopy may also be 
employed. In yet another embodiment, detection of polymorphism can be 
performed by using restriction enzymes or Single Stranded Conformation 
Polymorphism (SSCP) techniques. In addition, methods for high throughput 

20 detection of nucleotide polymorphisms may be used such as DNA chip 
technology. Combinations of any of the above methods may be used. 

The invention also includes kits for use in the above methods for 
detecting the presence of the s variant of the 5HTTLPR polymorphism. 
Accordingly, the present invention provides a kit for determining the 

25 susceptibility of a patient to antidepressant-induced mania comprising 
reagents necessary for determining the presence of the s variant of the 
5HTTLPR polymorphism and directions for its use. The reagents useful in 
the kit can be determined by one of skill in the art and can include primers to 
the appropriate regions of the 5HTT gene in order to amplify nucleic acids 

30 from a test sample using PCR. The kit may further include nucleic acid 
probes useful in determining the presence of the s variant. The kit may also 



include electrophoretic markers such as a 50 bp ladder. Other components 
of the kit can include nucleotides, enzymes and buffers useful in a method 
of the invention. As an example, a kit of the invention may include primers 
for amplifying the region surrounding the s variant, DNA polymerase, each of 
dATIP, dTTP, dCTP and dGTP, 7-deaza-dGTP, 10 mM Tris-HCI, 50 mM KCI, 
1.5 mM MgCI 2 and 5% DMSO. Furthermore, the kit may include DNA 
sequencing reagents and fluorescent dyes or other labeling chemicals. The 
kit will also include detailed instructions for carrying out the method for 
detecting the presence of the s variant of the 5HTT gene. 

The following non-limiting examples are illustrative of the present 
invention: 

EXAMPLE 

Example 1 

SUBJECTS AND METHODS 

SUBJECTS 

The subjects investigated for the purpose of this study have been 
selected from a larger sample of 300 Bipolar I or Bipolar II patients recruited 
from hospital clinics and newspaper advertisements in Toronto and across 
Central Canada, within the research protocols of our group. To all these 
patients the diagnostic structured interview for DSM-IV Axis I diagnoses 
(SCID-I) (41) and the Family Interview for Genetic Studies (FIGS) (42) had 
been administered by trained interviewers. From all patients and their 
parents, written informed consent to participate in the studies was obtained. 

The SCID-I, the FIGS, the clinical and the life charts available, and 
also all the information about the past and the current pharmacological 
treatment recorded during the interviews were blindly and independently 
reviewed by two trained psychiatrists (E.M., J.L.K.). To avoid investigators' 
biases, only information and life charts that existed before the design of the 
present investigation have been used. 

Based on this review, from the original sample two groups of 
unrelated patients were selected. The first group was comprised of 27 



subjects with a positive history for antidepressant-induced mania (IM+), and 
it was composed by patients with the following characteristics: 1) a 
confirmed DSM-IV diagnosis of Bipolar I or Bipolar II Disorder; 2) at least 
one depressive episode treated with pro-serotonergic antidepressants; and 
3) at least one manic or hypomanic episode induced by the treatment with 
these compounds (i.e. one episode fulfilling DSM-IV criteria for either mania 
or hypomania, developed during antidepressant treatment). The second 
group (IM-) consisted of 29 patients with the following characteristics: 1) a 
confirmed diagnosis of Bipolar I or Bipolar II Disorder; 2) at least one 
depressive episode treated with pro-serotonergic antidepressants; and 3) 
no antidepressant-induced manic or hypomanic episodes. 

Patients within the IM- group were matched by sex, age (+5 years), 
and ethnicity with the patients of the IM+ group. 

Subjects with 1) uncertain DSM-IV diagnosis of BP (including patients 
with only one manic or hypomanic episode induced by antidepressant 
treatment and no spontaneous ones, for whom there is up to the time of 
assessment no consensus regarding the diagnosis of BP), and/or 2) 
unavailable, inadequate, or unreliable information on the past and the 
current psychopharmacological treatments, and/or 3) no history of exposure 
to pro-serotonergic antidepressants, were excluded. 

For both of the two groups of patients (IM+ and IM-) the following 
demographic and clinical variables were collected from the SCID and the 
FIGS: age at the time of the interview, the age at onset of BP, the diagnostic 
subtype of BP, the comorbid Axis I diagnoses, the number of spontaneous 
manic or hypomanic episodes, the number of depressive episodes, the 
presence/absence of psychotic symptoms during the mood episodes, the 
presence/absence of rapid cycling, and the family history for Mood 
Disorders. 

Information about current or past treatment with mood stabilizers was 
also recorded from the clinical charts, where available. 
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GENOTYPING 

Genomic DNA was extracted from blood using a non-enzymatic 
procedure (43). 

All the genotyping procedures have been performed blindly with 
respect to the aim, the design of this study, and the clinical diagnoses of the 
subjects investigated. 

a. 5HHTLPR 

Polymerase chain reaction (PCR) was used to amplify a segment of 
genomic DNA containing the insertion/deletion polymorphism in the 
promoter region of the serotonin transporter using primers with the 
sequences reported in Cook et al. (44). The PCR reaction was performed in 
a 25 uL volume containing: 200 ng genomic DNA, 10 mM Tris-HCI , 50 mM 
KCI, 1.5 mM MgCI 2 , 5% DMSO, 200 jiM each of dATP, dTTP, and dCTP, 100 
(iM of dGTP, 100 jjJVI of 7-deaza-dGTP, 1 \M of each primer, and 1 unit of 
AmpliTaq DNA polymerase. The genomic DNA was denaturated at 95°C for 
3 min, then the remaining reaction components were added. The reaction 
consisted of 40 cycles of: 95°C for 30 sec, 61 °C for 30 sec, 71 °C for 60 sec, 
followed by extension at 72°C for 10 min. PCR products were subjected to 
electrophoresis on a 2.5% agarose gel and visualized under ultraviolet light 
in the presence of ethidium bromide. DNA bands were assigned allele 
numbers based on their size [allele 1 (/) = 450 bp; allele 2 (s) = 406 bp], 
which was determined by comparing their migration in the gel with a 50 bp 
ladder as shown in Figure 2. 

b. VNTR 

This polymorphism was also amplified using a modified protocol 
from Cook et al (44). The 25 pi reaction consisted of 200 ng template, 0.8 pi 
of each primer, 1X PCR buffer, 1mM MgCI 2 , 0.2 mM each of dATP, dCTP, and 
dTTP, 0.15 mM dGTP and 0.05 mM 7-deaza-dGTP, 8% DMSO, and 1U Taq 
polymerase. Cycling conditions consisted of initial denaturation for 3 min at 
95° C followed by 40 cycles of 45s denaturation at 95°C, 30s annealing at 
56°C, and a 45s extension at 72°C ending with a final 7 min extension at 
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72°C. After separation on a 2.5% agarose gel for 2 hours at 100V the three 
alleles produced bands at 345 bp (9repeats), 360 bp (10 repeats), and 390 
bp (12 repeats). 
STATISTICAL ANALYSIS 

All the demographic and clinical variables available were tabulated 
and compared between the two samples of patients studied. The Student's 
t-test (two-tailed) for independent samples was used for the continuous 
variables, while the chi-square was used for the dichotomous ones. 

The genotype data for both polymorphisms were analyzed with chi- 
square tests. Both allele and genotype frequencies were compared 
between the two groups (IM+ and IM-). 
RESULTS 

The main demographic and clinical variables for the two samples of 
patients are summarized in Table 1. No significant differences were found 
between the two groups with respect to the variables considered. 

Data regarding past or current treatment with mood stabilizers 
(lithium, carbamazepine or valproate) were available for 50 patients, 23 in 
the IM+ group and 27 in the IM- group. In the IM+ group for 10 patients there 
was information available regarding the time of the induction of mania 
during the exposure to antidepressants: 5 were on mood stabilizers, five 
were not. In the IM- group 20 patients were on mood stabilizers at the time 
of the exposure to the antidepressant treatment, but the majority of them 
(N=13) had spontaneous manic episodes while on mood stabilizers. 

In the IM+ group the antidepressant treatments ongoing during the 
development of manic/hypomanic episodes were: fluoxetine (N=8), 
fluvoxamine (N=6), fluoxetine+fluvoxamine (N=3), paroxetine (N=2), 
nefazodone (N=2), moclobemide (N=2), imipramine (N=2), venlafaxine 
(N=1) and sertraline (N=1). 

In both IM+ and IM- groups 96.3% of the subjects were Caucasian, 
and 3.7% were East Asian. 
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For the 5HTTLPR polymorphism the genotype frequencies in the 
whole sample were: //=30.4% (N=17), /s=48.2% (N=27), and ss=21.4% 
(N=12). Data for the VNTR polymorphism were available for 54 out of the 56 
patients who comprised the total sample studied, resulting in the following 
5 genotype frequencies: Stin2.9-Stin2-10= 1.9% (N=1), Stin2.9-Stin2.12= 1.9% 
(N=1), Stin2.10-Stin2.10= 9.6% (N=5), Stin2.10-Stin2.12= 44.4% (N=24), 
Stin2.12-Stin2.12= 42.6% (N=23). The whole sample and the two sub- 
samples (IM+ and IM-) were in Hardy-Wei nberg equilibrium for both 
polymorphisms studied. 
fk 10 Tajb/e 2 summarizes the genotypes and allele frequencies for the two 

polymorphisms studied in the two samples of patients. Results of the 
Ul association analysis performed with both the alleles and the genotypes of 

j| the VNTR polymorphism did not show any significant difference between the 

two groups of patients. Regarding the 5HTTLPR polymorphism, the allelic 
0 1 5 association analysis showed that among IM+ patients there was an excess 
y, of the s allele (Pearson chi-square=1 2.770, df=1, p=.0004). The association 

~J analysis performed with the genotypes was also significant, showing a 

fy higher rate of homozygosity for the s variant and a lower rate of homozygosity 

for the / variant among IM+ patients (Pearson chi-square= 12.432, df=2, 
20 p=.002). 

The approximate Relative Risk associated with the presence of the s variant 

has been estimated as 4.1 (table 2). 

DISCUSSION 

According to the results presented in this example, the presence of 
25 the s variant of the 5HTTLPR confers a higher risk to develop 
antidepressant-induced mania in BP patients treated with pro-serotonergic 
compounds. 

According to Lesch et al. (21) the presence of this variant implies a 
lower expression of the gene: the uptake of 5HT is less in cells carrying 1 or 
30 2 copies of the s allele than in cells homozygous for the / allele, and the // 



cells produce steady-state concentrations of 5HTT mRNA that are up to 1.7 
times the concentrations in both Is and ss cells. 

The relationship between this functional variation and the clinical 
effects of antidepressants is still unclear. 

With respect to the finding regarding the effect of the 5HTTLPR 
polymorphism on the pathogenesis of antidepressant-induced mania, while 
not wishing to be limited by theory, it is hypothesized that our BP patients 
homozygous for the s variant, having fewer 5HTT sites, could be more 
sensitive to either the blockade of 5HT reuptake or to the increase of 5HT 
availability. Both these effects had been induced by the antidepressant 
medication in the IM+ sample during the treatment with SSRIs (fluvoxamine, 
fluoxetine, paroxetine, or sertraline), or other pro-serotononergic 
antidepressants including imipramine, nefazodone, venlafaxine or 
moclobemide. All these compounds, which are referred to as "pro- 
serotonergic antidepressants", directly or indirectly act on 5HT 
neurotransmission (16, 45, 46). 

If this hypothesis is true, patients with the ss genotype should also be 
more likely either to respond to pro-serotonergic antidepressants or to show 
a shorter latency for the response itself. 

On the other hand, the s variant of the 5HTTLPR has been found to be 
associated with poor response to antidepressant treatment either with 
SSRIs (37, 38) or with total sleep deprivation (39). It has been commented 
(40) that subjects homozygous for this variant have a lower number of 5HTT 
sites and, thus, have higher serotonin (5HT) levels in the synaptic cleft. This 
situation induces a higher inhibition of 5HT release by 5HT pre-synaptic 
autoreceptors, with the final result of a reduction of the overall serotonergic 
neurotransmission predisposing to a poorer response to SSRIs. This 
hypothesis appears to be confirmed by the fact that patients homozygous for 
the s variant and treated with adjuvant pindolol (a selective blocker of 5HT1A 
autoreceptors) respond to SSRIs similarly to patients homozygous for the / 
variant (37). On the other hand, this explanatory hypothesis could be 
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accepted only if it is assumed that the pre-synaptic autoreceptors are not 
"down-regulated" by the increase of 5HT in the synaptic cleft. Moreover, the 
situation appears to be even more controversial considering a recent report 
by Kim et al (47), which associates a good response to SSRIs with the ss 
5 genotype. It is quite likely that the lack of homogeneity across these different 
studies, with respect to the diagnosis (BP or UP), to the compounds 
administered, or to the definition of the antidepressant response, have been 
reflected in discordant results. Further studies are needed to clarify these 
issues. Whether, for example, in BP the antidepressant-induced manic 

10 switches should be considered phenomena quantitatively or qualitatively 
different from the expected antidepressant response is still unclear. 

On the other hand, according to the information extracted from the 
sample, there were no significant differences between IM+ and IM- with 
respect to the concomitant treatment with mood stabilizers, the variable that 

15 would have the most impact on the risk of developing manic switches 
during the antidepressant treatment. Moreover, even though in the IM- group 
the percentage of patients on mood stabilizers at the time of the exposure to 
the antidepressant treatment was higher than that in the IM+ group, most of 
the IM- developed spontaneous manic or hypomanic episodes despite 

20 being on lithium, carbamazepine, or valproate. Thus, the treatment with 
mood stabilizers is not likely to have been a protective factor with respect to 
manic switches during antidepressant treatment, at least in this sample. 
The doses and the treatment duration for the pro-serotonergic 
antidepressants administered were also not controlled in our samples. On 

25 the other hand, there are no studies, to the inventors' knowledge, showing 
that antidepressant-induced manic/hypomanic episodes are related to 
these variables. 

Ideal study designs on the possible predictors of antidepressant- 
induced manic switches, would imply the random and "blind" exposure of 
30 drug-naive BP patients to antidepressants and mood stabilizers, but these 
studies have obvious ethical and practical limitations. This is the main 



reason why the studies performed to date to investigate the possible 
predictors and the clinical characteristics of antidepressant-induced mania 
have been done according to naturalistic designs (8, 12, 15). 

The above Example suggests a role of the 5HTTLPR polymorphism 
in the pathogenesis of antidepressant-induced mania in BP. Therefore, the 
5HTTLPR polymorphism may become an important predictor of the 
antidepressant-induced manic switches, which are among the most 
clinically relevant side effects of the antidepressant treatment in BP patients. 

While the present invention has been described with reference to 
what are presently considered to be the preferred examples, it is to be 
understood that the invention is not limited to the disclosed examples. To 
the contrary, the invention is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope of the 
appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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Table 1. Summary of the main demographic and clinical variables 
in the two groups of patients, with (IM+) and without (IM-) antidepressant- 
induced manic/hypomanic episodes. 





IM+ 


IM- 




(N=27) 


(N=29) 


Gender 


9 M, 18 F 


9 M, 20 F 


Age 


36.3 (8.5) 


36.3 (7.7) 


Age at Onset 


19.8 (5.5) 


19.5 (6.2) 


Principal Axis I Diagnosis: 






-Bipolar I 


15 (55.5%) 


19 (65.5%) 


-Bipolar II 


12 (44.5%) 


10 (34.5%) 


Axis I Comorbidity (1) 






None 


12 (44.4%) 


16 (55.1%) 


Obsessive-Compulsive Disorder 


6 (22.2%) 


3 (10.3%) 


Panic Disorder 


5 (18.5%) 


5 (17.2%) 


- Social Phobia 


3 (11.1%) 


1 (3.4%) 


- Simple Phobia 


- (0%) 


1 (3.4%) 


- Alcohol Abuse/Dependence 


2 (7.4%) 


1 (3.4%) 


- Substance Abuse/Dependence 


1 (3.7%) 


1 (3.4%) 


- Post-Traumatic Stress Disorder 


1 (3.7%) 


2 (6.9%) 


- Generalized Anxiety Disorder 


- (0%) 


1 (3.4%) 


Family History for Mood Disorders (2) 






- Negative 


5 


9 


Bipolar Disorder 


12 


11 


Major Depressive Disorder 


9 


6 


N. Depressive Episodes 


5.9 (4.6) 


4.5 (2.35) 


N. Manic/Hypomanic Episodes 


3.8 (1.8) 


3.7 (2.1) 


Psychotic Features (N) 


19 (70.4%) 


15 (51.7%) 


Rapid Cycling (N) 


3 (11.1%) 


2 (6.9%) 



Notes: SD are shown in parentheses for continuous variables. 



The total exceeds 100% because of multiple diagnoses. 
} Data were not available for 4 patients. 
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Table 2. Genotype and allele frequencies for the two polymorphisms of 



the 5HTT gene in the two groups of patients with (IM+) and without (IM-) 
antidepressant-induced manic/hypomanic episodes. 





IM+ 


IM- 




(N=27) 


(N=29) 


on 1 1 i_r rx 






Allalae- 
Mllc'IcS. 






_| 


20 (37.0%) 


41 (70.7%)* 


" S 


riA (Rrt r\o/\ 


17 (29.3%)* 


Genotypes: 






-II 


? M 1 i%\ 

O \ i l . 1 /O J 


14 (48.3%)** 


-Is 




13 (44.8%)** 


-ss 


10 (37.0%) 


2 (6.9%)** 


VNTR (1) 






Alleles: 






-Stin2.9 


2 (4%) 


0 (0%) 


-Stin2.10 


12 (24%) 


23 (39.6%) 


-Stin2.12 


36 (72%) 


35 (60.3%) 


Genotypes: 






-Stin2.9-Stin2.10 


1 (4%) 


0 (0%) 


-Stin2.9-Stin2.12 


1 (4%) 


0 (0%) 


-Stin2.10-Stin2.10 


1 (4%) 


4 (13.8%) 


-Stin2.10-Stin2.12 


9 (36%) 


15 (51.7%) 


-Stin2.12-Stin2.12 


13 (52%) 


10 (34.5%) 



5 



Notes: 

(1) VNTR genotyping was missing in 2 patients of the IM+ group, thus the 
percentages in this group have been computed on a total of 25 patients. 
* Pearson chi-square=1 2.770, df=1, p=.0004 (2-sided); Likelihood 
10 Ratio=13.013, df=1, p=.000 (two-sided); Fisher's Exact Test: p=.001 (2- 
sided). Odds ratio =4.1. 

** Pearson chi-square= 12.432, df=2, p=.002 (2-sided); Likelihood 
Ratio=1 3.511, df=2, p=.001 (2-sided). 
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